The phenomenon of airline competition for hub dominance in terms of frequency concentration has been on the rise since deregulation. Using cross-sectional time-series data, this study explores the impact of hub dominance on airline profitability and enplanement share at the hub airport. The regression analysis finds a significant positive relationship between airline profitability and hub dominance. The relationship between an airline's share of passenger enplanements and its hub dominance seems to follow an S-curve indicating that high frequency shares are associated with even higher enplanement shares, and conversely.
INTRODUCTION
Deregulation has led to radical changes in airline network planning. A main focal point for these changes has been the greatly increased emphasis on Ihubbing.I All carriers have sought to build up their previous hubs, and in many cases have created new ones.
The hubbing phenomenon has been the subject of many studies. Kanafani and Ghobrial (1982) studied the relationship between the economies of aircraft size and airline hubbing. In 1985, they expanded their analysis to assess the impact of airline hubbing on airport congestion and its implications to airport economics. Kanafani and Hansen (1985) showed that, when all other variables (such as stage length, aircraft capacity, network size, etc.) are controlled airlines with strong hubbed route systems incur roughly the same cost to provide a given amount of transportation as those with less hubbed systems. Ghobrial and Sousa (1987) investigated some airline strategies to dominate their main connecting hubs. Toh and Higgins (1985) attempted to test whether there 20 exists a positive and strong relationship between airline hubbing and profitability. They developed two indices for airline hubbing and profitability for 17 airlines in 1982. The regression of the hub index on the profitability index showed a very poor fit and the independent variable (hub index) seemed to be statistically insignificant. Toh and Higgins (1985) also commented that profitability is not guaranteed by hub netwrok centrality, which is contrary to popular belief. This paper is an attempt to extend the work of Toh and Higgins to explore further the impact of hub dominance on airline profitability and its passenger enplanement share. The findings of Toh and Higgins together with the results of this study will help shed some light on the commonly held belief that hubbing leads to more successful and profitable operations (see Aviation Week and Space Technology, November 1981). The paper begins by discussing the phenomenon of airline hubbing and hub dominance. This is followed by exploring the relationship between profitability and hub dominance using regression analysis. The second phase of this paper assesses the impact of hub dominance on airline share of passenger enplanements at the hub airport. The paper concludes with some implications to airline network planning, congestion at major hubs, and the public policy towards airline mergers.
TRENDS IN AIRLINE NETWORK CENTRALITY AND HUB DOMINANCE
A comparison of airline networks of today with those of the mid 1970s amply demonstrates that hubbing has increased. The now familiar pattern of multiple links emanating from a handful of hub airports has replaced the seeming hodge-podge that characterized many route systems under regulation.
One indication of a hubbed network is the concentration of operations at a few airports which serve as transfer points for connecting traffic. Measures of concentration of an airline's operations can therefore serve as measures of the degree of hubbing of that airline's route network. One such a measure is the one-airport concentration ratio which is defined as the ratio of the airline's departures from its main hub to the total aircraft departures from all airports within the airline's domestic system. This ratio will be referred to as the hubbing index. For a complete hub-and-spoke network structure (i.e.; all spoke cities are connected only to the hub airport) the number of aircraft operations (i.e.; take-offs and landings) at the hub airport is equal to the number of aircraft operations at all other airports. The hubbing index is, therefore, equal to 0.5 for a complete hub-and-spoke network structure. The trend of the hubbing index for some selected airlines' distributions of scheduled departures for the JAAER, Fall 1991 years 1976 , 1978 , 1980 , 1982 , 1984 and 1986 For the purpose of illustration, Table 1 depicts this trend for the selected airlines in 1980. Overall, the time-series data suggest an upward trend in the hubbing index. The few instances of downward movement are likely due to large scale network expansions, which naturally tend to reduce concentration.
A parallel phenomenon to airline hubbing is hub dominance. While hubbing measures network centrality within the airline's system, hub dominance measures airline concentration relative to other airlines operating at the same hub. An airline's dominance index at a particular hub could be estimated as the share of that airline's departures of the total aircraft departures by all airlines from that hub. This index can also serve as a proxy for hub monopoly. The hub dominance index was calculated for all airlines under investigation at their main connecting hub over the period 1976-1984. Only domestic operations were considered for airlines offering both domestic and international services such as Pan Am, TWA, Northwest, etc. Table 1 reports the hub dominance index (in percentages) for the airlines under in 1980. Also depicted in Table 1 is the airline's ranking at its main connecting hub in terms of the number of aircraft departures. An analysis of the time-series data of airline ranking at major hubs over 1976-1984 indicates that airlines have exploited the opportunities of free entry and exit of deregulation and attempted to dominate the hubs which they use as funnel and transfer points for their passengers.
Hub dominance appears to be highly instrumental in establishing a strong regional identification among passengers which is important for marketing the airline. Examples are Delta at Atlanta, American at Dallas/Fort Worth, TWA at St. Louis, and Continental at Houston. In addition, a dominant airline at a particular hub can reap the monopoly profits in the markets Equation 1 served by that hub. Since the monopolist can alter the supply of flights and set the price (i.e.; airfare), monopoly profits in this case are usually larger than those attained· under highly competitive conditions. HUB DOMINANCE AND
AIRLINE PROFITABILITY
The analysis of airline profitability is a complex one that involves a. number of factors including network structure, hub dominance, fleet type and average aircraft size, stage length, average yield, route monopoly, load factor, degree of unionization, and management skills. For the purpose of this study, we will attempt to test the hypothesis that there exists a positive and strong relationship between airline profitability and hub dominance. The profitability index is estimated by dividing operating income (i.e., operating revenue-operating expense) by the operating revenue and multiplying it by 100 to be expressed in percentage terms. A profitability index is calculated for all the airlines under consideration. Table 1 shows the estimated profitability index for these airlines in 1980.
The Model
The relationship between airline profitability and hub dominance is expressed as a linear regression model which takes the following form:
Where PROF i is the profitability index in percentage terms of airline i, DOM i is its hub dominance index in percentage points at the main hub, and FIRM i is a firm-specific variable which takes on the value one for airline i and zero otherwise with Pan Am (PA) as the control carrier. Y78, Yao, Y82, Y84 and Y86 in Equation 1 are dummy variables for the year with 1976 as the control year (e.g.; Y80 takes on the value one for observations in 1980 and zero otherwise.) CI, 8,~, 9, II, .,~, and a are the coefficients to be estimated and e is the error term. Note that the inclusion of a firm-specific variable FIRM in the 22 model is intended to capture the effects of other variables influencing the carrier's profitability. This is useful when analyzing cross sectional data.
The model in Equation 1 was estimated twice (i.e.; with and without the firm-specific variable FIRM) using the cross sectional, time series data over 1976-84. The results of estimating both models along with t-statistics are shown in Table 2 . For the purpose of simplicity and comparison, the variable FIRM is replaced by its corresponding airline code in Table 2 . Note that the Durbin-Watson value in Table 2 indicates that the hypothesis that there exists no first order serial correlation cannot be rejected. No correction was, therefore, preformed on the results obtained.
Analysis
The coefficient B in both model estimations is positive and statistically significant at the 0.05 level. The hypothesis that there exists a positive and strong association between profitability and hub dominance cannot, therefore, be rejected. The value of coefficient B in the second model estimation indicates that a one percent increase in an airline's hub dominance index will likely be associated with an increase of 0.178 percentage points in its profitability index.
The results suggest that a dominant airline at a particular hub reaps the monopoly profits by charging higher fares.
The inclusion of the firmspecific variable increased the regression fit as the value of the multiple correlation coefficient (R 2 ) improved from 0.326 to 0.543. The yearly dummy variables suggest increasing losses between 1980 and 1982, with 1984 marking a period of financial recovery for the Hub Dominance industry. This pattern seems to accord with the trends in fuel prices as well as the intense competition among airlines in the first few years of deregulation which may have led to destructive airfare competition. In light of the above, one can conclude that the commonly held belief that hubbing leads to more successful operations is attributed mainly to the fact that most airlines tend to dominate the main connecting hubs within their systems. This is apparent by examining individual airline's ranking at the major hub as shown in Table 1 .
HUB DOMINANCE AND AIRLINE ENPLANEMENT SHARE
The second phase of this study is to assess the impact of hub dominance on airline enplanement share at the hub airport. Route monopoly and market dominance have been the subject of many studies which attempted to relate an airline's passenger share in a given market to its frequency share of the total flights in the market. Renald (1970), Fruhan (1972) , and Miller (1979) showed that the relationship between an airline's market share and its frequency share follows an S-curve; meaning that high
Equation 3 frequency shares are associated with even higher market shares and conversely. Following the same approach, we will test the hypothesis that there exists a positive and strong relationship between an airline's enplanement share at a given airport and its hub dominance. An airline's enplanement share at a hub is estimated as the ratio between the airline's passenger enplanements to the total passenger enplanements by all airlines at that hub.
The Model
In developing an enplanement share model for an airline at a given hub, it will be assumed that passengers exhibit utility maximization behavior in their choice of a carrier. It can be readily shown that by maximizing the passenger's utility function, the standard multinomial logit probabilistic choice model can be obtained, such that:
where P im is the probability that a passenger at hub m will select an airline i, or simply the passenger enplanements share of airline i at hub m; and U{im) is the utility of airline i to passengers at hub m. The logit model has widely been used in similar applications, primarily because of its advantages relative to other probabilistic choice model forms. For a discussion and derivation of the logit model, the reader can refer to Kanafani (1985, Chi 5) .
The passenger utility's function consists of a vector (i.e.; array) of the carrier's service attributes at a particular hub. These attributes include flight frequency, aircraft size, airfare, departure schedule, and airline image. For the purpose of this study, the utility function will consist of the carrier's flight frequency at the hub. Other variables influencing an airline's share of passenger enplanements will be accounted for by incorporating a firm-specific variable in the utility function. Based upon the above discussion, the utility function UOm) is given as:
where FRE.Q jm is the flight frequency of airline j at hub m, FIRM j is a firm-specific variable which takes on the value one for carrier j and zero otherwise. CI and B are the coefficients to be estimated, and c is the error 24 term. A PRIORI sign of CI is expected to be positive since an increase in flight frequency will yield better levels of service. Levels of service include such measures as frequency of flights, aircraft size, on-time performance, in-cabin service, and flight itinerary (e.g.; non-stop flights versus multi-stop or connecting flights). Note that the flight frequency variable (FREQ) is expressed in a logarithmic form in order to examine, in yielded a better estimate than a linear one.
In order to test the hypothesisthat there exists a positive and strong relationship between airline enplanement share and its hub dominance, the logit model in Equation 2 is estimated. In their survey of airline strategies to dominate their main hubs, Ghobrial and Sousa (1987) showed that most passenger enplanements at a given hub are carried by the top three airlines. The logit model was, therefore, estimated using data for the top three airlines a given hub. The hubs selected for estimating the model are those listed in Table 1 over the period from 1976 to 1984. For the purpose of illustration, Table 3 shows the 1980 data for aircraft departures and passenger enplanements for the top three airlines dominating particular hubs.
Using the cross sectional, MODEL Table 4 .
Analysis
The sign of CI agrees with its A PRIORI sign and the FREQ variable seems to be highly significant. Moreover, using the statistical hypothesis testing, one cannot reject the hypothesis that the coefficient u is greater than one in both model specifications.
The relationship between enplanement share and hub dominance seems, therefore, to follow an S-curve meaning that high frequency shares at a given airport are associated with even higher enplanement shares, and conversely.
For the purpose of illustration, we consider the case of Delta Airlines' operations at Atlanta Hartsfield Airport between 1976 and 1986. Figure 1 depicts the trends in Delta's share of the total aircraft departures at Atlanta (i.e., hub dominance index) along with its share of pass·enger enplanements (in percentage points). The observed pattern Delta's dominance of Atlanta through frequency concentration is evident. Because Delta is the dominant airline at Atlanta its share of passenger enplanements is consistently higher than its corresponding aircraft departure share as depicted in Figure 1 .
The disproportionality phenomenon between an airline's enplanement shar.e and its frequency share is attributed to passenger identification with the dominant carrier in the region. For instance, local travelers originating in the line frequency competition as a means to dominate its major connecting hubs. It is concluded that airline network centralization (hubbing) cannot by itself contri-bute to airline profitability unless it is associated with airline dominance of the main hub (or the few hubs) it uses for its operations. By dominating its main hubs, airlines can reap the monopoly profits from the markets served by these hubs and realize higher enplanement shares than departure shares. Several conclusions emerge from the above discussion. First, in establishing a hub, airlines seem to follow a number of strategies including: 1) staying away from competition by monopolizing the hub such as USAir operations at Pittsburgh, and Piedmont at Charlotte; and 2) engaging in frequency competition to dominate the hub, and establishing regional identification with passengers to promote airline services. Examples are Delta at Atlanta, American at Dallas/Fort Worth, and TWA at St. Louis. Second, to take advantage of the nonlinear relationship between passenger enplanements share and frequency share, airlines may elect to operate higher flight frequency with relatively smaller size planes. Agarwal and Tally (1985) showed that passengers are more sensitive to changes in frequency delay (i.e., changes in flight frequency) than to changes in stochastic delay (i.e., changes in aircraft size). Pacific Southwest Airlines appeared to have adopted this strategy by replacing many of its B-727 with the smaller Bae 146-100 and Bae 146-200 aircraft in many routes in the California corridor. Third, since there has been a trend in mergers between two airlines dominating the same hub. Examples are Northwest and Republic at Minneapolis, TWA and Ozark at St. Louis, and Southwest and Transtar at Houston. One can view these mergers as a means to create a monopoly power and charge higher airfares. From the perspective of policy making, the issue of monopoly power ought to be considered when approving mergers between airlines hubbing at the same airport.
Finally, while hub dominance through frequency competition offers opportunities both for airlines and passengers, it may pose problems as well. Excessive frequency concentration at airports may result in some negative economic impacts such as congestion, pollution, and noise. Congestion delay may outweigh some of the benefits of aircraft concentration by increasing flying costs for airlines and travel time for passengers.
LIMITATIONS OF THE STUDY
In attempting to assess the impact of hub dominance on airline profitability and enplanement share, it was assumed that flight frequency is the only explanatory variable in the econometric models. Other variables contributing to airline profitability and enplanement share were accounted for by incorporating a firm-specific variable in the models. While the results showed a positive strong relationship between profitability and enplanement share on one hand and hub dominance on the other, further research is needed to incorporate other hub dominance strategies in the models. These include airfare structure at the main hubs, aircraft size, arrangements for traffic feeding through a subsidiary, and frequency concentration during peak periods. Atef Ghobrial holds a Ph.D. in Transportation, a Master of Business Administration, and a Master of Science in Civil Engineering from the University of California at Berkeley. He is presently an Associate Professor at Georgia State University where he directs the aviation administration program. He has published several papers in the area of air transportation, and is a transportation consultant in the U.S. and abroad.
